Introduction 28 29
The portion of the electromagnetic spectrum between 10 and 400 nm is referred to as the 30 ultraviolet light region (UV). Within this region, wavelengths between 100 and 315 nm are known as 31 'germicidal UV'. Germicidal UV is used extensively to directly inactivate a range of micro-organisms 32 in a number of different media including both solids and liquids (Shama, 2014) . Some three decades 33 ago research began to be undertaken in inducing UV-C hormesis (Lu et al., 1987) . Since then UV-C 34 treatment has been performed on a wide range of fresh produce, as reviewed by Shama exacerbated as fruits are particularly prone to chilling injury (Morris, 1982 , FAO, 2015 . 48 The aim of this study was to investigate whether HIPPL sources were able to delay colour change 79 during ripening and induce resistance against B. cinerea on mature green tomato. Treatments were 80 also conducted with a LIUV source as a basis for comparison. Experiments were also undertaken to 81 establish whether it was necessary to irradiate the entire fruit surface for successful elicitation of 82 delayed colour change and disease resistance. Additionally, treatments using both types of source, 83 HIPPL and LIUV, were conducted to assess their ability to induce disease resistance on red ripe fruit, 84
as an increasing number of tomato growers are harvesting at this stage due high consumer demand. 85 86
Materials and Methods 87 88

Plant Material 89
Mature green and red ripe tomato fruit, cv. Mecano, were grown in the glasshouse at APS Salads 90 (UK) and delivered at ambient temperature to the University of Nottingham within 24 h of 91 harvesting. Fruit were then sorted to remove fruit showing deviation from the desired 92 developmental stage or uniformity of size. Fruit showing any surface damage were also discarded. 93 94
UV Treatment 95
Upon arrival tomatoes were randomly assigned to treatment groups and treated at room 96 temperature on the same day. LIUV treatments were carried out using a U-shaped amalgam UV 97 source (UVI 12OU2G11 CP15/469) obtained from Dr Hőnle AG, Gräfelfing, Germany, with peak 98 emission at 254 nm and housed within an anodised aluminium parabolic reflector. Doses of 3. 
Direct Tissue Exposure and Disease Resistance 295
Following the observation that delayed ripening was a local response for both HIPPL and LIUV, 296 section 3.2, tests were conducted to establish whether disease resistance was also a local response. 297
To date, no data concerning this has been published for either LIUV or HIPPL induced resistance on 298 tomato. Further investigation was performed to ascertain whether full tissue exposure is required to 299 induce resistance in tomato fruit. Inoculations were performed on directly exposed and un-exposed 300 tissue; the latter is henceforth referred to as 'systemic'. 301
Systemic tissue inoculations showed no reduction in AUDPC and similar levels of disease 302 progression to that of the control (Figure 4) . The directly exposed tissue, however, showed 303 significant reductions following both HIPPL and LIU treatment as previously shown (section 3.3). It 304 can therefore be stated that HIPPL and LIUV sources require direct tissue exposure to successfully 305 induce resistance to B. cinerea. This is in agreement with previous findings (Stevens et al., 1998a, 306 Charles categorically that LIUV treatments, focused on the side of fruit, induce only local responses on 367 tomato fruit. This was shown also to be the case for HIPPL sources. In addition, a 16 pulse HIPPL 368 treatment significantly reduced disease on both red ripe and mature green tomatoes, a feature not 369 exhibited by the established LIUV treatment. 370
No studies have yet been undertaken to establish the optimum wavelengths for inducing 371 hormetic effects in fresh produce. The spectral emission of the two types of sources used here are 372 quite different. The HIPPL source, although rich in UV-C, has a much broader spectral output; 373 emitting wavelengths between 180 -1050 nm, and it should not be assumed that HIPPL will elicit 374 the same pathways or responses as hormesis induced by conventional LIUV sources that emit over a 375 much narrower spectral range. Future work could ascertain the importance of germicidal UV and 376 other wavelengths in the HIPPL source. Furthermore, optimum wavelengths for inducing hormetic 377 effects could turn out to be species-related and establishing what these are would make hormetic 378 treatment more commercially attractive. 379
